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It was the objective of this work to assist the Encapsulation Task Force of 
the Flat-Plate Solar Array Project at the Jet Propulsion Laboratory (JPL) to 
devise polymeric materials that are stable enough to use outdoors without 
changes in excess of 20 years. Our particular objective «ms to synthesize new 
and effective ultraviolet stabilizers for plastic materials, to prepare poly- 
merizable ultraviolet stabilizers, particularly of the 2(2-hydroxyphenyl )2H- 
benzotri azole fainily, to (temonstrate their polymerization, copolymerization and 
grafting onto other polymers, to devise new effective ultraviolet stabilizing 
systems and to assist JPL In their evaluation of these materials from the pho- 
tophysical point of view. 

This work has been carried out since September, 1979» and was principally 
done by the following coworkersx Witold Pradellok, Zohar Mir, Eberhard Borslg 
and Shan-Jun LI. Benefits for the project supported by JPL were obtained from 
work that has been going on for many years and concurrently in our research 
group on polymerizable ultraviolet stabilizers and polymerizable antioxidants 
(0. Tirrell, D. Bailey, M. Kitayama, Y. Sumida, S. Yoshida, and P. Grosso). 
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Th« first successfully concluded project for JPL ««es the preperetlon of 
2(2-hydroxy-^vlnylpheny1)2H-benzotrlezole (2H5V) wid 2(2-hydroxy-5*lsopro- 
penyl phenyl )2H*benzotrl azole (2H5P)* 2H5V had been synthesized before by S. 
Yoshtda In a six-step reaction consisting of the condensation of o-nltrobenzene- 
dlazonluRi chloride with p-ethyl phenol ; this reaction gave an azo compound which 
was reduced by zinc and soditm hydroxide to 2(2-hydroxy-5~ethyl phenol )2H- 
benzotrlazole and was acetylated* bromlnatedy dehydrobromlnated Md finally 
hydrolyzed to 2H5V. 

The achievement In the first six months of the contract was to prepare 
about 350 grams of 2H5V for the use of JPL. This material has been sent. In 
stabilized form (with picric acid to avoid polymerization) to JPL. 2H5V readily 
homopolymer I zed and also copolymerized with normal resonance stabilized monomers 
such as styrene, methyl methacrylate and n- butyl acrylate. 

2H5V was then synthesized and a new synthesis of 2H5V was devised by con- 
densation of li-hydroxybenzophenone with o-nitrobenzenedlazonlum chloride. The 
key Intermediate for the final synthetic steps Is 2(2-acetoxy-5*ecetylphenyl) 

2H- ben zotri azole which could be reduced with sodlun borohydrlde, dehydrated and 
hydrolyzed to 2H5V or allowed to react with methyl Grignard reagent, dehydrated 
and hydrolyzed to 2H5P* Adequate amounts of this compound (over 50 grams) were 
prepared for various homo- and copolymer I zatlon^ grafting studies and a portion 
was sent to JPL for evaluation. 2H5V Is quite different In reactivity as com- 
pared to 2H5P; It does not homopolymerize and Is stable without additional sta- 
bilizer added to prevent polymerization. It Is (because of It's tertiary 



carbon «to« In tho polynorle fora) alio axpactad to ba iiora photoatabla* 

Many routes (at least 10) VMra evaluated for the Most efficient or More 
direct route to 2H5Pf none of Mhich resulted In the synthesis of 2H5P* 

2H5V and 2H5P copolyMerIzed with such MonoMers as styrene, Methyl Methacry- 
late, and n-butyl Methacrylate. The reactivity ratios of these copolymerlza- 
tlons were deteralned and It was shown that 2H5V Is very readily Incorporated 
Into all of these oopolyMers. The 2H5P r value Is near 0 Indicating altarnating 
tendency for this comonomer; not surprising since this Is an cd-methyt styrene 
derivative. 

2H5V and 2H5P were also incorporated into other polymer systems. 2H5V very 
readily grafted in solution in chlorobenzene at about 150^ with dl-tertiary 
butyl peroxide to form graft polymers with atactic polypropylene, ethylene/ 
vinyl acetate copolymers, ethylene/ propylene copolymer, poly(methyl methacryl- 
ate) and poly(n-buty1 acrylate). It was also shown that 2H5V is readily grafted 
under much milder conditions onto cis-1,li polybutadiene and 1,2- polybutadiene at 
good grafting efficiency and without crosslinking. 2H5V and 2H5P were also 
incorporated into ethylene/ vinyl acetate copolymers under graft I ng/crossi inking 
conditions. 

Unsaturated polyesters were copolymer I zed In the presence of 2H5V and 2H5P 
in styrene solution to form unsaturated polyester resins now photos tab! 1 1 zed 
with our polymerizable UV absorbers. This work is done in cooperation with 
Professor Ranby In Sweden; by ESCA measurements, he Is determining the actual 
placements of the stabilizer on the surface of the stabilized film. He is also 
studying the effect of singlet oxygen (^ 02 ) and various accelerated aging 



conditions on such permanontly photostsbl 1 1 xod unsoturotod fiolyostor rMint* 

In our oorly work on polysMrlzablo stoblllzors of the bsnxotrlosolo fwlly 
m hid also boon trying to synthasita 2(2-hydroxy-4-vlny1^)any1 )2M-baniotrla- 
zola and 2(2-hydroxy->-vlny1phany1 )2N-b<Mixotria3eo1a. All our efforts to data 
failed and we have abandoned these objectives. In all cases psrasid»stltutlon» 
rather than orthosubstitution occurred which gave the wrong (4>) Isosmt, non- 
effective as UV stabilizer. Dr. S. Yoshida, howevert was successful In synthe- 
sizing the 2(2-hydroxy-Srieethy1phenyt)2H-5'-vlnyl-benzotrlazole. It behaves 
similarly to 2H5V| can be pol)a»erlzed and oopolynarized with the standard mono- 
mers but does not seem to offer any advantages over 2H5V or 2H5P. 

On a separate project) not supported by JPL, we hove also studied the 
synthesis of polymerizable antioxidants particularly A-viny1-2,6-tertlary 
butylphenol and ^lsopropenyl-2,6-tertlary butylphenol. They can be readily 
polymerized directly with styrene and methyl methacrylate In bulk and In solu- 
tion but more Importantly they could be copolymerized In emulsion with butadiene 
and Isoprene. These two polymerizable antioxidants could be available whenever 
needed for our project of long-term stabilization of polymeric siaterialSf long- 
term stabilizations using non-leachablO) non-volatl I izable stabilizers. 

More recently we have emphasized our thrust dn the synthesis of new and 
much more effective stabilizing systems. These systems are still based on the 
2(2-hydroxyphenyl )2H-benzotrl azole and 2-hydroxybenzophenone chromophors. 

We have synthesized three new systems of UV absorbing chromophors some of 
which we have started to convert Into polymerizable monomers. The objective of 
the initial work, however, was to synthesize and identify these new systems In 


ord«r to thm ovtilabU for JPL to study thoir offocttvonoss to tnprovo tho 
ogtng of pol)Siorlc notoriol ond to ovsluato thotr photophysleol bohovtor. 

Wo hovo found thot rosorctnol, 1,3-dihydroxyboniono, not onYy fonit o aono- 
substltutton product, whon ollowod to rooct with o-nitrobonionodloiontua 
chlorldo folloMod by ro<hietlvo cyelliotlon (col ltd bonootrloielitotlon), but 
noro iaportontly o disubstitutod product woo roodlly obtolnod. With phloroglu- 
etnol, o>nltrobonzonodtozonlun chlortdo, oftor oondonsotton ond roducttvo cycll* 
zotlon, not only govo o disubstitutod product but olso o trlbonzotrlozol Izod 
motoriol. Those throe now coapounds show siN'prlslngty hlj^ extinction ooof- 
flclonts, throe times os high os tho noraol aonosubstltutod bonzotrlozolo dorl- 
votlvos but olso 0 brood obsorptlon from 250 nm to 360 na. 

2,A-Dihydroxybonzophonono ond 2,4-dlhydroxyocotophonono (which ore thoa- 
solves effect! VO ultrovlolot stobilizors) hovo boon used os storting aotorlol 
for benzotrlozol 1 zotlon ond Indeed dibonzotrlozol Izod products hovo boon 
obtolnod In both coses. Tho obsorptlon spoctrua of those compounds show extinc- 
tion coefficients lower then those of tho dl- ond tribonzotrlozolizod resor- 
cinols ond bonzophononos (only two-thirds of tho extinction coefficient) 
however, they show on odditlonol strong bond between 260 ond 300 nm. It Is 
Interesting thot In tho cose of the dibonzotrlozol I zed 2,4-dIhydroxybenzophonono 
wo hovo now o system which hos both of tho most Importont ultrovlolot stobl- 
lizing groups In one molecule, tho 2(2-hydroxyphony1 )2H-bonzotrlozolo ond tho 
2-hydroxybonzophonone chroaophor. 


The product from the ecetopheiMne dert^etlue Is elso pl'itmed to be used es 
• starting Material for the synthesis of styrene and e^siethyl styrene derivatives 
of these hlj^ly substituted benzotrlazole containing systees therefore giving 
neM polyMerIzable ultraviolet stabilizer systees. 

The benzotrlazollzatlon of phtorogluctnol had Initially yielded only the 
dl> and tr I substituted product es the condensation of o-nltrobenzenedlazonlua 
chloride with phloroglucinol were always carried out in strongly basic sol ur 
tions. It is known that phloroglucinol Is very reactive and the reason for It 
Is that it exists, as we have shown very recently, to a substantial amount in 
the keto form which Is apparently undergoing the condensation reaction. By 
carrying out the condensation in near neutral aqueous/alcohoiic solutions we 
were able to prepare the azo compound which, after reductive cyciization, pro- 
duced monosubstituted phiorogiucinol, namely 2(2,b,6-trihydroxyphenyl)2H- 
benzotri azole. 

Some Initial work has been done to react these new stsbiilzers with more 
than one benzotriazyl units In the molecule with acryl and methec'yl chloride In 
order to provide polyiaerizable methacryl Ic and acrylic esters of ultraviolet 
absorbers. Some of the materials will also be used either directly or in the 
appropriately modified form for incorporation In polyesters and polycarbonates. 


In conclutton, wa lwv« suecMtfully praparad polyMarlaabla ultravlolat ata- 
blllaart Mhich can ba tncorporatad Into polyMars by eopolynarizatton and 
grafttnp. Va hava also praparad noM elassas of ultravlolat stablllzars idilch 
hava high axtinctlon ooafflelant and ara affaettva ovar a broad spaetriaa of 
ultravlolat absorption. This work will produca now and nora afficlant stabili- 
zers which could ba used althar by thaanalvas or whan transfmrawd into polyaarl- 
zabla ultravlolat stabilizer would ba Incorporated Into polymers by copolym^l- 
zatlon or grafting. Wa ara convinced that those new discoveries and davalop- 
ments on ultravlolat absorbers will provide further advances In extending the 
lifetime of polymeric materials. 


The research described in this report was performed for the Jet Propulsion 
Laboratory, California Institute of Technology through an agreement with the 
National Aeronautics and Space Administration 


